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ABSTRACT
In recent years, it has become popular for athletes and recreational trainers to perform resistance training 
with the addition of bands and chains. In this paper, we considered the advantages of manipulating an 
exercise to match the resistance provided with the force capabilities of the lifter, which generally change 
throughout the movement. We explain that bands and chains can be used to manipulate a variety of 
exercises that have the potential to enhance performance in sport and in many daily tasks. Whilst there are 
many similarities between the use of bands and chains for resistance training, we note that there are key 
differences and discuss the biomechanics of each material separately. In particular, we discuss that chains 
provide resistance primarily in the vertical plane and the resistance is linearly related to the displacement 
of the barbell. In contrast, bands can be set up to produce substantial horizontal forces in addition to the 
primary resistance force that often acts in the vertical direction. Also, research has demonstrated that 
bands provide a resistance force that is related in a curvilinear fashion to the displacement of the barbell. 
After introducing the main biomechanical features associated with each type of resistance material, we 
present findings from the strength and conditioning literature that has demonstrated the potential for 
bands and chains to improve the stimulus associated with strength and power training. At present, a more 
compelling evidence base has emerged for the use of bands in resistance training, particularly with regard 
to the development of power. It is not known whether this asymmetry reflects the greater number of studies 
conducted with bands or is influenced by methodological differences between studies. However, we also 
discuss the possibility that different inertial properties of bands compared with chains may make that former 
a more effective choice for the development of power. We hope that exercise professionals will benefit from 
this knowledge and obtain insight into how an understanding of biomechanical principles can assist with 
prescribing contemporary training regimes.
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INTRODUCTION
	
 			1; 2, we 
discussed a range of  mechanical and 
neuromechanical concepts that exercise 
professionals can explore to manipulate the training 
stimulus associated with conventional resistance 
					
					
altered through manipulation of  factors including 
 	
selection and position of  the external load. We then 
introduced Newton’s second law of  motion and 
discussed how it can be used to derive pivotal 
!!		"
we discussed how a range of  factors including 
exercise technique and load selection can affect 
			#
training gains for sports performance. The purpose 
of  part 3 of  this review series is to demonstrate 
how these various aforementioned biomechanical 
concepts can be applied to the alternative resistance 
training practice of  applying bands and chains. This 
information will provide the exercise professional 
with greater understanding of  a very popular 
contemporary practice used to manipulate the 
training stimulus experienced by clients. 
IMPORTANCE OF THE FORCE-
TIME CURVE
 			2, we discussed, in 
some depth, the force-time curve and its 
importance in assessing the stimulus provided by a 
	$			%
distinct force-time curves are generated: 1) 
ascending, where the ability to produce force 
increases as the movement progresses; 2) 
descending, where the ability to produce force 
decreases as the movement progresses; and 3) 
bell-shaped, where the ability to produce force is 
$		
midway through the movement and then returning 
to a lower level as the movement is completed. 
"	 
strength, the force-time curve provides the exercise 
professional with insight into progression options 
	$		"
performance of  an exercise such as the squat 
(which features an ascending force-time curve), the 
lifter is limited by their ability to produce force 
during the bottom section of  the movement. Once 
they have overcome this section, the potential to 
develop force increases and the remaining portion 
of  the movement becomes progressively easier 3. As 
a result, the lifter may produce substantially less 
force than they are capable of  for large segments of  
the movement. However, if  the exercise 
		&		
a way to increase the overall resistance to match the 
lifters changing force capability, it is possible that 
the stimulus produced throughout the entire 
movement could be enhanced, resulting in greater 
training adaptations. Similarly, with an exercise such 
as the bent-over row (which features a descending 
force-time curve), maximum force is produced at 
the start of  the lift and decreases as the bar is pulled 
	&4. Therefore, in order to 
complete the repetition the load is selected so that it 
is relatively light at the beginning of  the movement 
and subsequently matches the individuals reduced 
 	
$						
the beginning and decreased throughout the 
movement, again, the overall stimulus produced 
throughout the repetition could be increased and 
potentially lead to superior training adaptations. 
While the practicalities of  modifying an exercise 
featuring a bell-shaped force-time curve are more 
complex, the same general principles apply. 
MATCHING THE RESISTANCE 
AND FORCE-TIME CURVE
The potential to enhance the training stimulus by 
matching the individual’s force capabilities to the 
resistance has been recognised for some time. 
!!				
designed in attempts to alter the resistance to match 
the force capabilities of  the individual 5. With both 
cam- and lever-based systems a resistance-training 
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machine is designed where the magnitude of  the 
	$' 
the load changes throughout the range of  motion 
to either increase or decrease the total resistance 
experienced 5"			
limitation is the need to standardise the machine. 
Therefore, changes in the resistance generated 
throughout the movement may only match the 
force capabilities of  certain individuals 6. To 
overcome this limitation, Hislop and Perrine 7 
 	&	
whereby a machine is used to rapidly alter the 
resistance to match any individuals force capability 
and cause the movement to progress at a constant 
		
almost instantaneously provides the resistance to 
match input force. An extensive research base has 
			 	&
exercise and in some cases reported greater 
increases in strength compared with traditional 
resistance training methods 8. However, many 
							&
devices and their associated exercise regimes suffer 
from the same limitations of  any machine based 
training; that is, the exercises performed are 
generally very simple and do not transfer effectively 
to daily and sporting activities 9.  
			
capabilities of  an individual during more complex 
exercises (e.g., multi-articular movements such as 
squats and deadlifts), a number of  exercise 
professionals currently recommend the inclusion of  
bands and chains 10,11		
bands and/or chains are attached to the barbell so 
that as the load is lifted the overall resistance 
increases. When using bands, they are generally 
#		
the bands stretch and provide more resistance with 
greater elongation. Alternatively, chains are 
generally only attached to the barbell so that as the 
				 
&		#*		
&		
		"					
assumed that bands and chains provided 
comparatively indistinguishable mechanical effects. 
However, more recent research and experience with 
the materials have established that there are 
substantial mechanical differences and each form 
of  resistance should be reviewed separately 9
should be noted that the mechanical effects of  both 
		$
exercises that feature ascending force-time curves. 
		
Legend: Yellow arrows illustrate the chain links that are contributing to the overall resistance lifted at that specific point in the movement.
Figure 1. The deadlift performed with the addition of chains
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potential value of  using the materials, however, 
 			$		
clients and athletes feature ascending force-time 
curves. 
CHAIN RESISTANCE
The inclusion of  chains provides additional 
resistance similar to weight plates that are added to 
every barbell. That is, the line of  the resistance 
force created by the chains acts vertically downward 
+&	
#		
the barbell (and therefore the resistance applied to 
<$
		
			&	
resistance. At each point during the exercise, the 
overall weight lifted is equal to the weight of  the 
loaded barbell plus the weight of  the individual 
&	# 	
review series, we discussed Newton’s second law of  
motion that was summarised by the equation
F=ma  (1)
Where  (N) refers to net force=&<=>
s2) refer to mass and acceleration, respectively. 
Applying the equation to the lifting situation 
$
	 	
		?
and therefore both the left- and right-hand side of  

		?@		
the upward force applied by the lifter must equal 
the downward force of  the load. Again, we can use 
equation 1 to calculate this downward force. Due to 
	 			=&<
being accelerated downwards at approximately 9.81 
m/s2@
BB&
downwards force equal to 981 N (Note: This 
downward force is appropriately referred to as the 
 		< 
$
	 	
required to provide enough force to simply hold the 
barbell stationary, then at each point of  the 
movement the force would equal the weight of  the 
loaded barbell plus the weight of  the individual 
&	#
When using chains many exercise professionals 
ensure that at the top of  the movement there is still 
	&	#@	
set-up avoids the chains swinging and potentially 
disrupting the overall movement. As a result, for 
Figure 2. Standard chains used for resistance training
Figure 3. Manipulating the chain resistance used 
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	$ 
displacement that can occur and the primary means 
for altering the resistance provided by chains 
		 &	>
the number of  chains attached to the barbell. 
"					
	"	
chains with greater diameters will be heavier and 
therefore provide more resistance. Alternatively, 
$C			
whereby the weight of  the chains can be doubled 
simply by adding a second identical chain. By using 
a standard set of  weighing scales an exercise 
professional can determine the weight of  the chain 
resistance that will be applied to the barbell at any 
point during the movement. 
*	&	
weight added to the barbell increases linearly with 
	=&	
# 
movement). This explains why the addition of  
chains best complement exercises that feature 
	!	"	
the deadlift exercise features an ascending force-
time curve that may match the linear change in 
weight provided by the addition of  chains.  Swinton 
et al. 12 compared the forces produced when 
powerlifters performed the deadlift with resistance 
plates only and when chains were added so that at 
the top of  the movement the weight of  the chains 
were equal to 20% or 40% of  the lifters one 
=
GI<	
chains were added, a portion of  the barbell weight 
was removed to better match the ascending force-
 "$J
illustrates the force produced by the lifter at 
different sections of  the movement in the 70% 

GI	"	
weight plate condition, the weight was constant and 
KBL 	"BL

GI
BL 			
removed so that at the bottom of  the movement 
MBL 	
GI
top of  the movement the weight was equal to 80% 

GI"JBL
GI
20% of  the barbell mass was removed so that at the 
Figure 4 (Title): Force produced during deadlifts performed with a constant resistance and chains
Data are expressed as a percentage relative to the peak vertical ground reaction force (VGRF) obtained for each condition. * Significant 
difference  (p<0.05) between constant load and 20% 1RM chain for the corresponding segment of the movement. # Significant difference  
(p<0.05) between constant load and 40% 1RM chain for the corresponding segment of the movement. † Significant difference  (p<0.05) 
between 20% 1RM chain and 40% 1RM chain for the corresponding segment of the movement.  Taken from Swinton et al. (2011).12
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bottom of  the movement the load equaled 50% of  
	
GI 
	QBL
GIR&	
BLJBL
GI	UL
and 10%, respectively, compared to the constant 
		"J			
inclusion of  chains resulted in greater force 
production near the top of  the movement. These 
results support the position that adding chains to 
exercises featuring ascending force-time curves 
enables the lifter to produce more force when they 
are at a greater mechanical advantage. 
Longitudinal research has also been conducted to 
determine whether changes caused by the inclusion 
of  chains can augment improvements in strength. 
IXet al. 13 compared the effects of  
performing the traditional bench press versus a 
chain variation where the entire load except from 
the barbell was comprised of  chain resistance. The 
study recruited college baseball players and 
randomly allocated each athlete to a group that 
performed either the traditional bench press or 
		&!
						!&
period. Both groups performed a linear 
periodisation program with each training session 
regularly comprising three exercises, whilst the 
relative resistance progressively increased from 60% 

GI&QYL
GI&@
repetition range decreased from 5-8 repetitions in 
the early phases to 1-3 repetitions performed 
$&
Strength improvements were measured using a 

GI		
GI
press where the barbell load was comprised entirely 
of  chains. Both groups demonstrated 
improvements in each of  the strength tests with no 
	$		
Z	!	$		
the study revealed that the group performing the 
chain variation in training demonstrated greater 
	!			
GI
chain bench press (13% vs. 7%). These results 
			$	
using chain resistance. The authors also monitored 
the athletes’ shoulder and elbow pain throughout 
the interventions. The results demonstrated a 
!	$		C!	
for shoulder pain exhibited by athletes performing 
the chain bench press.  The authors attributed the 
lower pain scores to reduced loading that occurs 
during the chain bench press at the bottom portion 
 "		 
							
	$				
		$
					
whilst recruiting and strengthening associated 
muscles represents a substantial positive for the use 
of  chains.
	
investigate the use of  chain resistance, Ghigiarelli et 
al. 10 compared the effects of  constant barbell 
resistance with a combination of  barbell resistance 
and chain resistance. The study included thirty-six 
college football players who performed four 
		!				&	!
&@
upper-body and two lower-body strength sessions 
&*			
implemented, with heavy loading sessions 
incorporating 4-6 repetitions in the beginning of  
&				
targeting the development of  power and 
comprising sets of  2-4 repetitions performed in the 
 &Z!
lower-body sessions all athletes performed the same 
assistance exercises, with the difference being that 
each group either performed the squat and bench 
press with constant barbell resistance or with the 
 	"		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
on the bench press only. The authors reported that 
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established between groups (constant resistance = 
5% improvement vs. chain resistance = 7% 
improvement). Ghigiarelli et al. 10 also reported 
	&
that used chains (constant resistance = 1% 
improvement vs. chain resistance = 3% 
improvement). Combining the results obtained by 
IXet al. 13 and Ghigiarelli et al. 10 
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Table 1: Summary of intervention studies investigating the effects of strength and power training with chains 
and bands. 
Study 
(year)
Participants Groups
Setup used for bands and 
chains
Training Intervention Major findings
Ataee et al. 
(2014) 24
24 Male ath-
letes (wrestlers 
and martial 
artists).
Strength training constant 
barbell resistance (n=12); 
strength training barbell 
resistance & chains (n=12).
Bench press and squat 
only: 85% 1RM at bottom of 
movement, 100% 1RM at 
very top of movement.
4 wks. 3 sessions/wk: 
Each session comprised 
the bench press and 
squat: 85% 1RM, 3 sets, 5 
repetitions.
Group performing strength training with chains 
demonstrated significantly greater improvement 
in  squat 1RM. No significant differences were 
obtained for upper body strength and upper-, low-
er-body power. However, effect sizes demonstrated 
a larger effect for the group that trained with chains 
for all tests.
Ghigiarelli et al. 
(2009) 10
36 Division 
1-AA male 
American 
football players.
Strength & power training 
constant barbell resistance 
(n=12); strength & power 
training barbell resistance 
& chains (n=12); strength 
& power training barbell 
resistance &  bands (n=12).
Bench press only: Approx-
imately 40 kg of additional 
chain mass was used. 
Elastic bands of unstated 
resistance were added.
7 wks. 4 sessions/wk: 1UB 
strength, 1LB strength, 
1UB power, 1LB power. 
Strength: heavy loads 4-6 
repetitions; Power: moder-
ate loads 2-4 repetitions.
Combined data for groups demonstrated improved 
predicted 1RM and power during the bench press. 
No significant differences were obtained between 
groups. Larger magnitude improvements were ob-
tained particularly in power tests for the chain and 
band groups compared with constant resistance 
group.
McCurdy et al. 
(2009) 13
27 Division II 
male baseball 
players.
Strength training constant 
barbell resistance (n=14); 
strength training barbell 
resistance & chains (n=13).
Bench press only: Entire 
load was comprised of 
chains (except 20kg 
barbell) and based relative 
to participants 1RM chain 
bench press.
9 wks. 2 sessions/wk: 
UB only, linear periodized 
model with approx 3 
exercises per session. 
Resistance increased from 
60% 1RM in week one to 
95% 1RM in week eight.
Both groups significantly improved 1RM barbell and 
1RM chain bench press. No significant differences 
were reported between groups. Larger magnitude 
improvements were obtained particularly in 1RM 
chain bench press for the group training with 
chains.
Anderson et al. 
(2008) 17
44 College 
aged athletes 
(basketball and 
hockey); 22 
males and 22 
females).
Strength training constant 
barbell resistance (n=21); 
strength training barbell 
resistance & bands (n=13).
Bench press and squat 
only: Barbell load was set 
so that it equalled 80% of 
the constant resistance 
at the bottom, and the 
combined barbell and band 
resistance was 20% greater 
at the top.
7 wks. 3 sessions/wk: 1UB 
strength, 1LB strength 
performed on alternating 
days. periodized in a 
wavelike progression, 5 to 
8 exercises, 72-98% 1RM, 
3-6 sets, 2-10 repetitions. 
Group performing with bands improved their squat 
and bench press 1RM significantly more than the 
constant resistance group. In addition, a significant-
ly greater increase in power produced during the 
vertical jump was also measured for those using 
bands.
Bellar et al. 
(2011) 16
11 College 
aged untrained 
males.
Strength training with a 
crossover design. All partic-
ipants performed constant 
barbell resistance;  barbell 
resistance & bands.
Bench press only: Barbell 
load was set so that it 
equalled 85% of the 
constant resistance at the 
bottom, and the combined 
barbell and band resistance 
was15% greater at the top.
6 wks. 2 sessions/wk: 
3wk’s then crossover 
(1RM testing at the end of 
each 3wk’s). 
Training consisted of 
bench press only. 85% 
1RM, 5 sets, 5 repetitions.
ANCOVA revealed that the change in 1RM bench 
press was significantly greater after training with 
bands compared with constant resistance.
Cronin et al. 
(2003) 25
40 College 
aged male 
and female 
athletes. 
Power training constant 
resistance (n=14); power 
training with constant 
resistance &  bands (n=14); 
control group (n=12).
Supine squat jump machine 
only: Bands provided a 
resistance force up to 360 
N. The resistance of the 
sled was set so that the 
total resistance was equal 
between groups.
10 wks. 2 sessions/wk: 
LB only, each session 
comprised approx 5 
lower body exercises, 
8-15RM, 2-3 sets, 10-12 
repetitions.
Both groups significantly improved strength and 
power values over a range of tests. Group training 
with bands improved lunge performance signifi-
cantly more than the constant resistance group. 
Heinecke et al. 
(2004) 15
11 College 
aged males.
Strength & power training 
constant barbell resistance 
(n=6); strength & power 
training barbell resistance & 
bands (n=5).
Bench press only: Bands 
provided an additional re-
sistance force up to 445 N.
5 wks. 2 sessions/wk: 
1UB strength, 1UB power. 
Bands were used during 
the power session only. 
Power: 50% 1RM, 5 sets, 
3 repetitions & 70% 1RM,  
5 sets, 3 repetitions.
Group performing with bands improved their bench 
press 1RM significantly more than the constant 
resistance group. No significant differences were 
obtained between groups for seated medicine ball 
throw. 
Joy et al. (2013) 
11
14 Division II 
male basketball 
players.
Daily undulating training 
program with constant bar-
bell resistance (n=7); daily 
undulating training program 
with barbell resistance & 
bands (n=7).
Bench press and squat 
only: The barbell load was 
the same for both groups. 
Bands added resistance 
equal to 30% 1RM at the 
top of the movement.
7 wks. 4 sessions/wk: 
1 strength, 2 power, 1 
hypertrophy. Bands were 
used in only 1 of the 
power sessions. 
Both groups significantly improved lean mass, ver-
tical jump and strength as measured by 1RM bench 
press, 1RM squat, 1RM deadlift, and 3RM power 
clean. No significant differences were observed 
between groups, despite larger treatment effects 
measured in the squat, bench press and vertical 
jump for the group training with bands.
Rhea et al. 
(2009) 23
48 Division I 
male athletes 
(baseball, track, 
football and 
basketball).
Strength training constant 
barbell resistance (n=16); 
Power training constant 
barbell resistance (n=16); 
Power training barbell 
resistance & bands (n=16).
Squat only: Bands that 
equalled 50% 1RM at the 
top of the movement were 
used. Barbell load was 
added so that the speed 
of the movement was the 
same as the group perform-
ing the power training with 
constant barbell resistance. 
12 wks. 2-3 sessions/
wk: LB only, each session 
included 5 exercises with 
an average of 4 sets and a 
mean intensity of 75-85% 
1RM across the interven-
tion. Strength and power 
training included the same 
exercises but repetition 
speed was faster in power 
groups. 
Effect sizes and percentage increases demon-
strated that the power group training with bands 
experienced substantially greater treatment effects 
with regards to power compared with other groups. 
In addition, effect sizes and percentage increases 
demonstrated a similar increase in strength be-
tween the strength group and power group training 
with bands. 
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demonstrates that chains can be combined with 
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addition, it appears that including chains may 
provide additional advantages over a constant 
barbell resistance for certain biomechanical and 
physiological factors, including force related 
capabilities and the stress experienced at various 
	^			
the most effective combinations of  acute and 
chronic variables to maximise strength increases 
	&=*	
of  intervention studies investigating the effects of  
resistance training with chains is included in table 
1). 
BAND RESISTANCE 
Band resistances that are currently prescribed by 
exercise professionals to develop the strength of  
their clients are rubber-based. At present there are a 
number of  manufacturers of  bands and the 
mechanical properties depend upon the 
composition of  the materials used 14. The 
biomechanics associated with bands are slightly 
more complex than those encountered with chains. 
 $					
then it has a resting length below which no 
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	&<*	
band is stretched the amount of  resistance 
generated is linearly related to the amount the band 
is stretched beyond its resting length (also referred 
to as the bands deformation). Different materials 
used in the production of  bands can provide more 
or less resistance for the same amount of  
"Y	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deformation curve created by two idealised bands. 
Both curves are linear and illustrate that no 
resistance is generated when the deformation is 
?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	!	
at the origin). We can see that band A produces 
double the resistance force of  band B for the same 
amount of  deformation. This means that the 
gradient of  the force-deformation curve is twice as 
steep for band A compared with band B. The slope 
of  the force-deformation curve is referred to as the 
stiffness of  the band and represents how much 
resistance is provided for a given amount of  
deformation. We can summarise the properties that 
determine the resistance provided by bands in the 
following equation
F=-k(x-x_0) (2)
Where  (N) refers to resistive force produced by the 
band, (Nm-1) is the stiffness of  the band,  (m) is the 
length of  the band and  (m) is the resting length of  
the band. Notice that the deformation of  the band 
is equal to  and that there is a minus sign to indicate 
that the resistive force created by the band acts to 
oppose its direction of  stretch.  
_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resistance provided by bands is the diameter of  the 
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6). Also similar to chains, the resistance generated 
by an idealised band is linearly related to its 
displacement. However, more recent research has 
shown that in practice, bands provide a curvilinear 
!$14="K<@	
results illustrate that resistance progressively 
increases with greater deformation. However, the 
slopes of  the individual curves are not constant and 
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deformation. 
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Figure 5 Force-deformation curves for two idealised 
bands
The stiffness of idealised band A is double that of idealised Band B. 
Thus for a given amount of deformation the resistance force is 
double for band A compared with B.
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chains is that bands can be used to create 
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exercises where bands are routinely included (e.g., 
squat, bench press, deadlift) the motion of  the 
barbell is predominantly vertical and therefore 
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ensure the resistance force is vertical for the 
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are instances where the exercise professional may 
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wish to modify the squat technique of  their client 
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over the base of  support without substantial 
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maintains equilibrium whilst enabling the athlete to 
adopt an upright posture. 
The research base investigating changes in 
strength from using bands is larger than that 
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
novice athletes research has established that a range 
of  band resistances can be used to generate 
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to free weight training alone 15;16
research incorporating higher level athletes has also 
demonstrated that resistance bands can be used to 
create increases in strength that are greater in 
magnitude to those realised with constant barbell 
resistance. Anderson et al. 17K&
JJZ		
performing upper- and lower-body resistance 
training sessions. Training programs for the athletes 
were identical except that one group performed the 
squat and bench press with constant barbell 
resistance whilst the other group used a 
combination of  barbell resistance and bands. Three 
					&
Figure 6 (Title): Standard bands used for resistance 
training
Legend: Bands are arranged in accordance to thickness, with 
thicker bands providing more resistance force. 
Figure 7 (Title): Comparison of idealised and realistic 
force-deformation curves for resistance bands
Volume 3, Issue 2, August 2014 | JOURNAL OF FITNESS RESEARCH 35
Figure 8 (Title): Setting up bands for the squat exercise
Legend: Image on the left shows that a horizontal force is present when un-racking the barbell. This set-up is required to produce mainly 
vertical resistance forces during the actual squatting motion (images centre and right)
Figure 9 (Title): Alternative set-up for the squat exercise
Legend: Decomposition of the resistance force created by the bands illustrates the horizontal force that can be used to maintain balance as 
the body’s centre of mass moves posteriorly. 
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upper- and lower-body sessions performed on an 
alternating basis. Sets (3-6), repetitions (2-10) and 
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combined resistance protocol used by half  the 
participants during the squat and bench press was 
setup so that the resistance was 20% lower than the 
constant resistance at the bottom of  the movement 
and 20% greater at the top. This setup ensured that 
the groups subsequently performed the same 
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results from the study revealed that those athletes 
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improvements in both the squat and bench press. 
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that obtained by the group training with constant 
resistance (6% vs. 16% improvement). Similar 
results were reported for the squat and bench press 
recently by Joy et al. 11. However, in this study those 
performing the exercises with bands lifted a load 
that was equal to the constant resistance at the 
bottom of  the movement and increased to an extra 
30% of  the lifters maximum at the top of  the 
movement. Whilst statistical tests were unable to 
differentiate between the improvements made by 
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for the group training with bands. The inability to 
differentiate between the groups despite strong 
evidence of  a larger treatment effect when 
		&#		
sample (14 total participants) recruited by Joy et al. 
11. Overall, the research on the use of  bands is 
consistent and has demonstrated that strength 
improvements over the short term are equivalent or 
in most cases greater than those obtained with 
traditional constant barbell resistance. At present it 
is not clear if  the stronger evidence base for bands 
	#
mechanical effects of  the different materials, or is a 
function of  more research being conducted with 
bands (A summary of  intervention studies 
investigating the effects of  resistance training with 
chains and bands is included in table 1).
DEVELOPMENT OF POWER
 			2 we discussed the 
main biomechanical differences between ballistic 
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we noted that during non-ballistic resistance 
exercises (e.g., squat and bench press) the lifter 
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the body and/or load into the air. This requirement 
leads to lower force production during the latter 
stages of  the concentric movement and potentially 
the need for antagonist muscles to assist in the 
process of  deceleration. With lighter loads and 
higher movement velocities the need to decelerate 
during non-ballistic resistance exercise becomes 
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feature may have important consequences for the 
development of  muscular power, where the primary 
training method often involves performing 
exercises with the intent to lift sub-maximum loads 
						
practice is commonly referred to as explosive 
resistance training (ERT) 18. A number of  
researchers and exercise professionals have 
cautioned against using non-ballistic resistance 
exercises with ERT as the deceleration substantially 
reduces the amount of  power produced and may 
also create muscle activation patterns that are not 
	$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is generally recommended that ERT is performed 
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squat and bench throw. This is due to the fact that 
ballistic resistance exercises enable the lifter to 
accelerate throughout the entire concentric 
movement and therefore produce high power 
outputs and muscle activation patterns that are 
closer to those observed during common sporting 
actions 9; 19"
improve an athlete’s ability to punch or explosively 
=			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professional may prescribe the use of  a bench press 
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motion to provide adaptations that will transfer to 
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Newton et al. 20 it was shown that if  the barbell was 
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achieved when performing the traditional bench 
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acceleration could be maintained for the entire 
bench thrown motion (as also occurs during 
	&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occurred after 60% of  the traditional bench press 
movement 20. 
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be used to alter the biomechanical stimulus 
associated with non-ballistic resistance exercises 
and as a result create a more suitable movement for 
ERT and the development of  muscular power 21. 
This suggestion is based on the theory that 
increasing resistance from unfurling chain mass 
and/or stretching of  bands as the barbell is elevated 
will tend to cause the bar to decelerate unless the 
	 	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with bands or chains occurs at similar velocities to 
that observed with traditional loading, higher power 
outputs would also be developed. To test the theory 
				et al. 22 &
power and velocity values during the squat 
performed with constant resistance and with band 
resistance only. The results demonstrated that 
				$
greater forces during the last 10% of  the movement 
	$	
$				 
compared with squats performed with a constant 
resistance. As expected the velocity and power 
values were greater during the initial stages of  the 
movement performed with bands, as the total 
resistance was less than that obtained with the 
	
values were also larger when using bands during the 
$		 	
the total resistance was greater than that obtained 
	@	$		
support for the theory that bands can be used to 
$
lifter to produce large forces for longer resulting in 
higher velocity and power outputs during the latter 
		 	 
study concluded that the inclusion of  bands with 
	$	
closer to that produced with a ballistic movement 22. 
Contrasting results have been found for studies 
investigating whether the inclusion of  chains can 
assist in decelerating the load whilst enabling the 
lifter to continue to produce force and higher 
	 
Swinton et al.12 measured force, velocity and power 
during deadlifts performed with a constant 
resistance and with a combination of  constant 
resistance and chains representing 20% and 40% of  
the lifters maximum. As expected, force production 
was higher at the end stages of  the movement when 
performing deadlifts with chains as the total load 
was greater than that experienced with the constant 
resistance. However, the results also demonstrated 
	$
repetitions performed with chains for large sections 
 "
B		
from the study and we can see that very soon into 
the movement the velocity of  the deadlifts 
performed with chains fell below that of  the 
constant resistance despite the fact the overall mass 
lifted was less (i.e., the mass of  the total resistance 
when using chains did not exceed the load of  the 
constant resistance until the second half  of  the 
movement). The contrasting results obtained 
between bands and chains could have been caused 
by a number of  factors. The chain resistances used 
by Swinton et al. 12 were very large and it is possible 
that different results may have been obtained if  
lower chain resistances or different chain and 
		
is possible that the results obtained with the deadlift 
#	
no initial downwards movement, which serves to 
enhance the performance during the elevation 
phase. However, as discussed at the beginning of  
this article it is clear that mechanical differences 
exist between bands and chains, particularly when 
they are being incorporated with exercises 
			
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have negligible mass and therefore contribute to 
resistance through displacement of  the band only. 
						
element that creates resistance by gravitational 
acceleration and through changes in momentum 
&	
to the velocity of  the barbell from initial stationary 
positions 9			
circumstances will cause lower velocity and power 
outputs when using chains compared with bands 
and should be considered by exercise professionals 
considering including them in client resistance 
training programs. 
Longitudinal studies that have investigated 
whether additional resistance material, in particular, 
bands can be used to improve the success of  
non-ballistic exercises with ERT have been 
@ 			
demonstrated that the inclusion of  bands creates 
greater improvements in muscular power compared 
to ERT performed with non-ballistic exercises on 
their own. Using male and female college athletes 
with an average of  4 years resistance training 
experience, Anderson et al.17 demonstrated that 
	&		
with bands resulted in improvements in average 
=	<
that were approximately three times greater than 
those obtained from training without bands (24 W 
	MQ%<		
conducted by Rhea et al.23, male college athletes 
were randomly assigned to one of  three groups. 
Each group performed the same lower-body 
		
&	
exception that group one performed the squat with 
a heavy load at a slow velocity, group two 
performed the squat with a light load and maximum 
velocity, and group three used the same protocol as 
group two with the addition of  bands. Similar to 
the study conducted by Anderson et al.17 changes in 
power were assessed by pre-post differences using 
@		 
study demonstrated a clear hierarchy with 
improvements in average power values of  5%, 11% 
and 18% for the slow movement, fast movement 
and fast movement with bands, respectively. The 
Figure 10 (Title): Velocity produced during deadlifts performed with a constant resistance and chains.
Legend: * Significant difference  (p<0.05) between constant load and 20% 1RM chain for the corresponding segment of the movement. # 
Significant difference  (p<0.05) between constant load and 40% 1RM chain for the corresponding segment of the movement. † Significant 
difference  (p<0.05) between 20% 1RM chain and 40% 1RM chain for the corresponding segment of the movement.  Taken from Swinton et 
al. (2011).12
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authors of  the study concluded that the greater 
improvements in power obtained with the bands 
were due to the ability to create a stimulus that was 
closer to that created with ballistic movements 17. 
The authors also reinforced the need to select a 
load that allows high velocities to be obtained and 
that the band and load combination provides a 
		$	
 
movement 17. Unfortunately, at present there is not 
enough research to determine the optimal exercise, 
	"	
that has been conducted, it appears that barbell 
	 YBL
GI
			 BL
GI= 
movement) may be effective for developing 
muscular power when using exercises such as the 
squat, bench press and deadlift.  
PRACTICAL APPLICATIONS
Collectively, the acute and intervention studies 
conducted on the inclusion of  chains and bands in 
resistance training demonstrate that the practice 
offers the exercise professional a range of  tools to 
enhance the strength and power of  their clients. As 
is the case with many areas in exercise prescription, 
the vast number of  possible acute and chronic 
		&
	$	 	|			 
acute biomechanical studies it is clear that the 
			&
therefore have the potential to enhance the training 
response if  very light chain or band resistances are 
used. Therefore, it is recommended that when using 
chains and bands, loads equivalent to at least 10% 

GI= <
and in many cases when the individual is safely 
		 BL
GI
greater should be used. The primary exercises that 
should be selected when incorporating bands are 
those that feature ascending force-time curves such 
as the squat, bench press and deadlift. However, a 
number of  their derivatives and closely associated 
movements including the front squat, lunge, incline 
press, shoulder press and Romainan deadlift should 
also be considered. The same exercises are also 
&$	 	'
however, due to the vertical nature of  the resistance 
provided with chains they may also be suitable to 
include with Olympic weightlifting exercises such as 
	&	
that many of  the longitudinal studies conducted 
have attempted to equate the load lifted between 
the constant resistance exercises and those 
including chains and bands. Researchers have 
employed this design to minimise confounding 
	 &
attempts to isolate the effects due to varying 
resistance experienced when using chains and 
bands. However, in practical settings, chains and 
bands should be used to provide additional 
resistance thereby increasing the total load in 
regions where the individual has a greater capability 
to produce force. Therefore, when attempting to 
		&
exercise professional should continue to prescribe 
similar loads and repetitions schemes but simply 
		@&
from this perspective, the use of  chains and bands 
are seen as a progression and therefore can be 
programmed in the more intense phases of  a 
periodised program or used as a tool to stimulate 
adaptations when improvements begin to plateau. 
	
actual velocity of  the movement may be very 
important and the exercise professional may have to 
use a more trial and error based approach whilst 
monitoring the velocity of  the movement to 
ultimately create an appropriate training stimulus. 
CONCLUSIONS
We hope that this series of  articles has explained 
how an understanding of  biomechanical principles 
is fundamental to best practice in resistance exercise 
	$		
moments and moment arms, explaining that these 
concepts provide the best insight into the stress 
experienced when performing resistance exercise 
and the basis upon which exercise professionals can 
	
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potential for positive adaptations and minimise 
	&	
importance of  integrating biomechanical concepts 
	&
particular, we discussed the importance of  exercise 
selection when attempting to maximise power 
output and the transfer of  adaptations to sports 
			
importance of  factors such as the stretch 
shortening cycle and repetition velocity to produce 
		$	}	
"		
the alternative resistance training practice of  
including bands and chains integrate many of  the 
fundamental biomechanical and neuromechanical 
concepts previously discussed. Current research in 
$ 		
demonstrated that the inclusion of  bands and 
chains may have the potential to improve the 
stimulus associated with traditional resistance 
training practices and provide superior adaptations. 
With a good understanding of  biomechanical 
principles, the exercise professional should be able 
to select appropriate exercises and loads to combine 
with bands and chains to provide effective training 
that they can incorporate with their clients
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